To analyze the consequences of defects in Cse4 degradation, we attempted to eliminate the ubiquitination The Cse4-351 protein localized to euchromatin, suggesting that proteolysis prevents CenH3 euchromatic sites. Cse4 contains 16 lysine residues that could serve as sites for ubiquitin conjugation. When individual lysine localization. When wild-type Cse4 was fused to a degron signal, the soluble Cse4 protein was rapidly deresidues were mutated to arginine and the mutant proteins were analyzed for stability, there was no single graded, but the centromere bound Cse4 was stable, indicating that centromere localization protects Cse4 lysine residue that was responsible for Cse4 degradation (data not shown). Because additional lysine mutafrom degradation. Taken together, these data identify proteolysis as one mechanism that contributes to the tions did not stabilize Cse4, we constructed the Cse4 conjugates that are visible on wild-type Myc-Cse4 were However, the mechanisms that prevent CenH3 from lonot detected on the Myc-Cse4 16R protein ( Figure 1C 
mutant, in which all 16 lysines were mutated to arginine. restricted centromere localization of the yeast CenH3.
In addition, 13 Myc epitope tags were fused to the amino terminus (Myc-Cse4
16R
) in an attempt to eliminate potenResults and Discussion tial NH 2 -terminal ubiquitination [12] . Overexpression of the MYC-CSE4-16R gene was able to complement a All eukaryotic centromeres contain a histone H3 variant called CENP-A (for review, see [3] ). CENP-A can replace cse4 deletion, indicating that the mutations do not abolhistone H3 in nucleosomes in vitro, suggesting that cenish the essential function. Overexpressed Cse4 was imtromeres likely contain specialized nucleosomes [4] . munoprecipitated from cim3-1 mutant cells to determine CenH3 variants localize exclusively to kinetochores and whether Myc-Cse4 16R was ubiquitinated. The ubiquitin have not been detected at other chromosomal loci [5] [6] [7] .
conjugates that are visible on wild-type Myc-Cse4 were However, the mechanisms that prevent CenH3 from lonot detected on the Myc-Cse4 16R protein ( Figure 1C ). calizing to euchromatin and the factors responsible for
We next quantified the stability of the Myc-Cse4 16R centromeric targeting are unknown. protein and found that although it was substantially Budding yeast have simple point centromeres and are more stable than wild-type Cse4, it was still degraded an excellent model system to study CenH3 localization ( Figure 1D ). We also found that the degradation kinetics requirements. Cse4 expression can rescue a reduction of the wild-type and Myc-Cse4 16R proteins were not linin mammalian CENP-A levels, suggesting there is some ear, which was consistent with our observation that functional conservation [8] is shown as a loading control.  (B) Five-fold serial dilutions of wild-type cells  (CSE4, SBY3) or cells overexpressing wildtype CSE4 (pGAL-CSE4, SBY1812) or CSE4-351 (pGAL-CSE4-351, SBY1738) also nonspecifically localize to euchromatin at some There is a small pool of Cse4 that is loaded onto centromeric chromatin by an unknown loading factor. At some low frequency, Cse4 may also localize to euchromatin. When the kinetochore assembles, it protects centromere bound Cse4 from the proteolysis that destroys any soluble or mislocalized Cse4, aiding in the exclusive centromere localization of Cse4.
